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© An improved process for the production of cumene. 

©An improved process is disclosed for the preparation of cumene. Cumene is prepared by reacting benzene 
with a propylating agent in the presence of a catalyst containing metal loaded Zeolite Beta in a reactor in the 
range of a temperature of 150 to 250°Cand a pressure of 1 to 35 atmospheres, the propyl and diisopropyl- 
benzene so formed are separated from the reactor effluent by conventional methods. The diisopropylbenzene is 
recycled back to the reactor. Simultaneous alkylation and transalkylation reactions occur in a single catalyst bed 
containing Zeolite Beta with a feed containing benzene, propylene and diisopropylbenzene. Cumenes are 
important chemical precursors in the production of detergents and polymers among others 
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This invention relates to an improved process for the preparation of cumene by propylation of benzene 
with propylating agents in the u.^sence of Zeo!?te Catalysts. More specifically, the present invention relates 
to a process for the propylation of benzene to isopropyl benzene in the presence of Zeolite Beta 

The alkylat.on of aromalics with alkylating agents in the presence of an alkylation catalyst is well known 
in the pnor art to produce such monoalkylated products as ethyl benzene, isopropyl benzene or cumene 
and linear alkylated benzenes. Such monoalkyl aromalics are important chemical precursers in the 
production of detergents and polymers among others. Alkylation catalysts that are known to produce 
a kylaromatic compounds include the Fridel-Crafts catalyst, sulfuric acid, phosphoric acid, hydrofluoric acid 
AlCb. clays, zeolites and amorphous silica-alumina. 

The propylation of benzene to cumene using propylene as the alkylating agent with solid phophoric 
acid catalyst ,s in commercial practice for more than two decades. U.S. Patent 4.774,377 describes an 
alky at.on-transalkylation process for the production of cumene using solid phophoric acid catalysts as the 
aky ation catalyst and Zeolite Mordenite as the transaction catalyst. U.S. Patent 4.395.372 describes an 
a kylat.on process using rare earth exchanged Faujasite type Zeolites as alkylation catalysts in the presence 
of sulphur dioxide. U.S. Patent 4.469,908 describes a process for alkylation of aromatic hydrocarbons using 
Zeolite ZSM-12. U.S. Patent 4.387.259 describes a process for the selective alkylation of aromatic 
hydrocarbons using ethylene/propylene as the alkylating agent over Zeolite ZSM-12. 

Even though a variety of catalysts have been claimed to be useful in the propylation of benzene to 
cumene using propylene as the propylating agent, the only material to be used in the commercial practice 
are the solid phophoric acid catalysts. The use of isopropyl alcohol as the alkylating agent is not in 
commercial practice. 

While catalysts based on solid phophoric acid are universally used in the process for cumene 
production, there are a number of limitations in their use in the above mentioned process- 

(1) they are extremely sensitive to the moisture content in the propylene, the water content to be 
con rolled precisely in the range of 200-500 ppm necessitating the installation of expensive process 
analysers and process control instruments. Too much water in the feed leads to the leaching of the 
phophoric acid catalyst, while too little water leads to the "frying" and deactivation of the catalyst 
Morever isopropyl alcohol, an easily available alkylating agent cannot be used as a feedstock since the 
water formed as a product will lead to the leaching and deactivation of the catalyst- 

(2) a second limitation of the prior art phophoric acid catalyst is that the phophoric acid leached out 
during the process even while operating within the limits of the water content specified above leads to 
the corrosion of downstream equipment like distilation columns, used to separate cumene from the 
reactor effluent; 

(3) a third limitation is that an acid sludge containing phophoric acid has to be periodically disposed off 
35 leading to environmental pollution; 

(4) a fourth limitation of the solid phophoric acid catalyst is that it cannot be regenerated leading to a 
total catalyst life of about one year only; ~ 

(5) a fifth limitation of the solid phophoric acid catalyst is that it cannot transalkylate the diisopropyl 
benzenes (formed to an extent of 5-10% of the cumene in the process) to cumene 

While Zeolite catalysts based on Faujasite. Mordenite. ZSM-12 and ZSM-5 have been claimed to be 
useful in the propylation of benzene to cumene. no Zeolite based propylation process is in the commercial 
practice today, .his is because of certain limitation of the above mention Zeolites in the process for the 
propylation of benzene to cumene. These limitations are (1)fast deactivation of the above mentioned 
Zeolites in the process tor propylation due to coke formation leading to low cycle lengths of less than six 
months. (2)low tolerence of Zeolites like Faujasites and Mordenites to even very low levels of water usually 
present in the propylene feedstock and (3)the high concentration of the diisopropyl benzenes in their 
product. 

It is. hence, desirable to develop an improved process utilising catalysts which donot have the 

i«™7 c 0 ' " he 3b0Ve mentioned solid Phophoric acid catalysts or Zeolites Faujasite. Mordenite. ZSM-12 
50 and ZSM-5. 

Accordingly, the present invention provides an improved process for the production of Cumene which 
comprises reacting benzene w,th propylating agent in the presence of a catalyst containing metal loaded 
Zeolite Beta .., a reactor at a temperature in the range of 150 to 250«=C and a pressure of l to 35 
atmospheres, separating the propyl and diisopropyl benzenes from the reactor effluent by conventional 
5* methods and lecycling the diisopropylbenzene back to the said reactor. 

i^nrT 8fc ' ld ' S a c,ys,alli " e a'u"'i'>osilicate whose prerapalion was first claimed in 1967 in U S Patent 
3^308,069. Its hamework structure has been elucideted only recently (Natu.e(London) volume 352. page 
249. yea, 1988). Zeolite Beta is the only h.gh silica Zeolite to have a fully 3-dimentional 12 ring pore 
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system. Its framework structure is an intergrown hybrid of two distinct but closely related structures. The 
various factors that influence the preparation of Zeolite Beta have been reported in a recent article in the 
Journal ZEOLITES (page 46. volume 8, year 1 988). Hence the preparation and structure of Zeolite Beta is 
well known in the prior art and donot form the subject of the present invention. The present invention 
describes the application and superiority of Zeolite Beta over prior art catalysts in the propylation of 
benzene to cumene in high yields. 

In one embodiment of the present invention the metal loaded Zeolite Beta used as a catalyst in the 
propylation of benzene to cumene has a silica to alumina molar ratio in the framework above 20. 

In another embodiment of the present invention the propylating agent is either propylene or propyl 
alcohol. It has been found that unlike prior art catalysts including other Zeolites like Faujasite, Mordenite, 
ZSM-5 and ZSM-12, Zeolite Beta retained its full activity and selectivity for the propylation reaction even in 
the presence of substantial quantities of water. This distinctive feature is a major advantage of the process 
of this invention over prior art processes. This ability of Zeolite Beta to function in the presence of water 
eliminates the corrosion and environmental problems associated with the use of solid phophoric acid 
catalyst in the prior art. In addition, precise control of the water content in the feedstock is also unnecessary 
in the process of the present invention. 

In another embodiment of the present invention the diisopropyl benzenes in the reactor effluent are 
separated and recycled back to the alkylation reactor where they undergo transalkylation with benzene to 
yield cumene. This distinctive feature is another major advantage of the process of this invention. In the 
prior art processes using solid phophoric acid catalysts, transalkylation reactions cannot be done in the 
alkylation reactor. The diisopropyl benzene formed to an extent of 5-8% wt are usually diverted to the fuel 
pool leading to a lower utilisation of the raw materials, benzene and propylene in the production of cumene. 
The selectivity for the conversion of propylene to cumene in the process of present invention, for example, 
is around 98-99% wt compared to 93-95% in the prior art process using solid phosphoric acid catalysts. 

The metal loaded Zeolite Beta used as a catalyst in the process of present invention is characterised by 
X-Ray diffraction pattern given in Table 1. 
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X-ray diffraction pattern of beta zeolite 


Interplannar spacing (A) 


Relative intensity (l/lo 


11.5 ± 0.4 


MS 


7.4 t 0.2 
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6.6 t 0.15 
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4.15 ± 0.1 
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3.97 ± 0.1 


VS 


3.54 t 0.1 
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3.34 t 0.1 
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3.03 t 0.07 
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2.05 t 0.05 
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Its adsorption potential for water and some hydrocarbon molecules is illustrated by the data in Table 2. 
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ftdsorpt inn data for beta zeolite 
Temp, j 198°K 

Solvent wt- x 

H 2° 21.3 

n-henane 19.0 

Cyclonexane 10.5 

m-xy lone 25 

These data were obtained in a conventional gravimetric adsorption apparatus at a relative partial 
pressure of the adsorbate of 0.5. It is desirable to incorporate the Zeolite Beta in another material more 
resistant to the temperature and other conditions employed in the process. Such matrix materials include 
synthetic or naturally ocuring substances as well as clay, silica, alumina or metal oxides. The relative 
proportion of Beta Zeolite and matrix binder material on anhydrous basis may vary widely with the Zeolite 
content ranging from between about 10 to 90% by weight. 

The molar ratio of benzene to propylating agent employed may range between 20/1 to 1/1, more 
preferably 10/1 to 1/1. Reaction is suitably accomplished utilising a feed weight hourly space velocity 
(WHSV) of between 1 and 4. The later WHSV is based upon the total weight of active catalyst and binder 
thereof. 

In one embodiment of the process of the present invention metals like sodium, potassium, calcium or 
barium are advantageously incorporated into Zeolite Beta to increase the selectivity to cumene. These 
metals may be incorporated into Zeolite Beta either during its synthesis or subsequently by ion-exchange 
after its incorporation with binder. It has also been found that a mixture of the above mentioned metals also 
has an advantageous effect in enhancing the selectivity of the catalyst. The total quantity of such added 
metals may vary between 0.1 to 5.0% wt. 

The following examples will serve to illustrate the process of this invention without limiting the scope or 
utility thereof. The catalyst in all cases contained Zeolite Beta prepared as described in U S Patent no 
3,308,069 

EXAMPLE 1 

This example illustrates the preparation of the catalyst composite material used in the process of the 
present investigation. 70 gm of Zeolite Beta prepared as given in U.S. Patent 3.308.069 of 1967 and having 
silica to alumina mole ratio of 47 and Na content 0.1% wt was mixed with 30 gm of alumina hydrate and 
extruded into cylindrical pellets of 1/16" diameter. The extrudates were dried and calcined at 450°C in air 
for 10 hrs. The x-ray pattern and adsorption properties of Beta Zeolite are given in Tables 1 and 2 
respectively shown above. 

EXAMPLE 2 

» This example describes the process for the production of cumene using the catalyst prepared as 

described in example 1. 10 gm of the catalyst as prepared in example 1 is loaded in a fixed bed, down 
flow, high pressure, high temperature catalytic reactor. Benzene, propylene and propane were passed 
through the catalyst bed. The produ:;! analysis is repesented in Table 3 and compared with that of 
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commercial solid phosphoric acid catalyst. 

Comparison a± beta zeoijte wUh conventional solid 
Phosphoric acid catalysts 

§fIA Zeo 1 i te 

WH SV 1.25 3.5 
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Temperature 2 lO 

Pressure Atm, 
T.O.S HR 5 



210 
A tm , 

5 



Non-aroma tics 9,8 0.09 

Benzene 77. OO 78.42 

Toluene + Cq A 0.08 0.08 

Cumene 11.80 19.40 

n ~ PB O.Oi 0.02 

C 9-Cn A 0-06 

Z-OIPB l.OO 1.83 

HA 0,30 0.12 

X conversion C3 80 . 40 9.93 

Swl. cumene /• 7 1 . bO 87. Ol 

OIPB 

" x 1 00 7. tii e.*2 

OIPB * IPB 
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EXAMPLE 3 

This example (Table 4) indicates the effect of temperature on cumene production. The catalyst of 
example 1 is used. The catalyst contained 1.5% K, wt. 

5 

Tap 1 e 4 
10 — * i u ' c t ° 1 temgurj Lure 

B/P = 6.5, WHSV = 2.5, Press. = Atm. 

»s 





T Q - A Or- 

1 emp . C 


155 




210 


225 


250 


275 


20 


Non- aroma tics 


0.14 


0.23 


O. 17 


0.22 


0.38 


0.43 




Benzene 


79.50 


77.70 


78.40 


78.60 


79.0 


79,20 




Toi . t Cq A 


0. 10 


0.20 


0.30 


0.40 


0.70 


1.03 


25 


Cumene 


16.93 


20.27 


19.86 


19. 10 


17.89 


17,29 




n-PB 


0.03 


0.02 


0.07 


0.36 


0.80 


1 .03 


30 


C 9 -C X1 A 


0.03 


0.04 


0.09 


0.14 


0.20 


0.23 




£ DIPB 


2,87 


i .27 


i .oi 


0.97 


0.84 


0.79 




HA 


0.44 


0.23 


o.u 


0. 14 


0. 18 


0.30 


35 


V. conversion C3 


99.88 


99.78 


99.84 


99.79 


99.63 


99.61 




Se 1 . cumene '/. 


77.40 


90.89 


91 .90 


89.25 


85.20 


6*3. 10 



DIPB 

40 IVplVlll % 14,45 5 * 9 ° 4 ' 84 4 ' 83 «.« 4.37 



45 



EXAMPLE 4 

The influence of benzene to propylene mole ratio on cumene formation is reported in the example 
(Table 5). 
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1 3 . 20 
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0.05 
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Benzene 


68. 4 


77.42 


Bl .65 


86.44 


88. 90 




Toi . Cq A 


0, 19 


0.36 


0.07 


0.11 


0.02 




Cumene 


26.50 


20.35 


16.95 


12.85 


10.62 
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n-PB 


0.03 


O.09 


0.02 


O.OB 


0.01 




C9-C ll A 


0. 16 


O. 1 i 


0.03 


0.02 




25 


£ OIPQ 
HA 


4. 18 
0.43 


1 . 19 
0.22 


I. 14 
0.07 


0.40 
0.04 


0.37 
0.02 
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V. conversion C3 
Sal . cumene 


99.94 
79.46 


99.96 
90.53 


99 . 96 
90.45 


99.98 
94.52 


99.98 
94.65 


35 


OIPB 

DIPB+IP9 


13.62 


5.47 


6.30 


3.02 


3^7 



EXAMPLE 5 



40 This example (Table 6) illustrates the selective cumene formation at different weight hourly space 
velocities. 
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Te.p. = 2ia o Cf B/p . 6>5> pres ^ 
UIHSV 

Non -aroma tics 
Benzene 
To l . ■+ c Q 
Cumene 
n-PB 

£ DIPB 
£ HA 

V. conversion C 3 99.95 qq 

* 3 V9.86 99.90 99.94 

Sel. cumene /• 92.02 sm «>v 
DiPB 

x 1°0 S.22 si, 
DIPB+IPB *' M S - 7 « 6.49 



1 


3 


5 


7 


10 


0.08 


0,16 


0. 12 


0. 13 


0.12 


78.03 


76. o2 


78.09 


77.04 


77.83 


O. 29 


O . 39 


0.22 


0. 12 


0.09 


20. 17 


21 .34 


20.05 


20.03 


19.81 


0.O7 


o. a 


0.03 


0.03 


0 .02 


0.08 


0. 12 


0.09 


0. 14 


o.io 


1.11 


1 . 15 


1.22 


* 1.39 


1.81 


0. 10 


0.,1 l 


0. 15 


0.20 


0.12 



99.94 

Q7 -24 89.35 
8.37 



EXAMPLE 6 

The variation of cumene content in the products obtained at different pressures is illustrated in this 
example (Table 7). 
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6,f f gCt £t Pressu rft 

Temp. « 2l5°C, WHSV ■ 5, B/P = 7 



70 


Pressure 


1 


10 


18 


25 




Non-aro.matics 


0.17 


0.04 


0.04 


0.03 


75 




78. 40 


78. 77 


79.04 


79.56 




Toi . C 6 A 


0.30 


0.12 


0.03 






Cumene 


19.86 


19.54 


18.68 


17.74 


20 


n-PB 


0.07 


0.04 


0.02 


O.Ol 




C 9 ~C U A 


0.09 


0.08 


0.03 






^ OIPB 


1 .01 


1 . 12 


1.97 


2.51 


25 


HA 


0. ii 


0.25 


0.17 


0.15 




X conversion C3 


99.86 


99.98 


99.98 


99.99 


30 


5el . cumene 


91 .94 


92.04 


89. 12 


86.79 
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DiPB^IPB 



X 100 



4.84 



5.42 



9.54 



12.39 



EXAMPLE 7 



40 This example (Table 8) includes the results of the catalyst aging charecteristics with time on stream at 
atmospheric pressure. The catalyst contained 0.2% Na and 2.1% Ba, wt. 



45 



50 



5i> 



9 



EP 0 538 518 A1 



Taole g. 



5 




OIL Str e 


dm 












Temp. = 185°C, 
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58 A tm . , U/P 
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T.Q.S <nrs) 


20 


100 


280 


370 


son 


i_ C /\ 

650 


75 


Non-droma tic* 


0.09 


0.05 


0. 10 


0.07 


0.13 


0.27 




Ben z en e 


■7 7 -r «-> 


77 .07 


77.72 


79.35 


80.06 


81.12 




Toi . ♦ Cq A 


0,21 


0.06 


0.05 


0.10 




0 • 05 


20 


Cumene 


20.69 


20.67 


19.41 


18.28 


17.82 


16.70 




n-PB 


0.04 


0.02 


0.01 


0.11 


0.02 


0. 15 




C 9 -C u A 


0.O9 


0.05 


0.02 


0.04 


0.03 


0.05 


25 


DIP8 


I .36 


I . 93 


2.57 


1 .94 


1.91 


1 .60 




HA 


0.20 


0.11 


0. 1 l 


0.06 


0.05 


0.03 


30 


X conversion C3 


99.93 


99.9to 


99.92 


99.93 


99.89 


99.75 




S'ei . cumene 


91 .23 


90. 14 


90. 19 


88.52 


89.10; 


Vee.92 



35 01PB 

Z'ipIZ'ipI * 100 6 * l? n.69 9 . 59 9 . 6Q Q>74 

40 EXAMPLE 8 

The variation of benzene to propylene mole ratio at 25 kg/cm 2 pressure is included in this example 
(Table 9). 
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Table 9 



Temp. 250°C /\*. 



Mole ratio 3#1 
Non-aromatics 0 . 13 



6.0 



so n-PB 



Se 1 . cumene ^/ 
OIPB 



EXAMPLE 9 

40 



7 • 3 1.4 . I 



°' 03 o.oi o.Ol 

Benzene , Q „ ' Ul 

To I r 80 ' 35 87 '^ 

^•06 o.05 0.O3 



30 ' 26 ».« 18 .34 U . 62 

O.I2 

C< ?-C U A Oil, 

°- 04 0 03 « « 

£ D IPB Q „ °*° 3 °' 01 

°* 57 0. 05 o.o9 0 . 0l 
V. conversion c 3 99.90 99 . 99 



100 

76.19 93. 7B 74 yo 



' X 100 ^1 O-r 

35 DIPB^IPB * 83 ««92 4. 3Q 



2.68 
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5 £f f BCt Qf. soacfr veloc i ty 

210°C, 25 Atm. , B/P « 6 . 



10 


WHSV 


3.5 


5 


7.5 


10 


5 




Non- aroma tics 


0.0 I 


0.0 I 


0.03 


0.02 


0.04 




Benzene 


75.88 


76. 42 


76.62 


77 . 26 


77 A 1 


15 


Tal , ♦ c Q 


0.07 


0.02 


O • 02 


y • 0 1 


0.01 




Cumene 


22.6 1 


21 . 47 


2 1 , 23 


• 45 


20. 12 


20 


n-PB 


0.07 


0.02 


0.02 


0.01 


O.Oi 


c 9 -c M 


0.04 


0.01 


O.Oi 


0.01 






OIPB 


i .24 


1 .31 


2.02 


2.21 


2. 40 


25 


HA 


0.07 


0. 1 1 


0.05 


0.02 


0.02 




X conversion C3 


too 


100 


99.99 


100 


99.98 


30 


OIPB 














DiPB+IPB 


5.20 


5.75 


8.69 


9.75 


10.64 



35 EXAMPLE 10 

This example (Table 11) illustrates the influence of temperature when using a catalyst containing Beta 
Zeolite of sihca to alumina ratio 85. The catalyst contained 1.2% Ca and 0.5% Ba, wt. 
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5 f * e c £ Q_f . tempera turp 

B/P = 6, WMSV = 5, Press. = 25 A.m. 



10 



75 



20 



25 



30 



35 



Temp ,°c 

Non-*rom4tic» 
8«nzone 

To I. ♦ C Q 

Cumene 

n-PB 

C 9 -C u A 
DIPS 

HA 

X conversion C3 
Sel. cumene 



DIPB 



OIPB^IPB 



X 100 



195 
0.04 

77.90 
O.Ol 

18.92 
0.02 

3.03 
O.Ol 

99.98 
85.61 

13.80 



2lO 
O.oi 

76.42 
0.02 

22. 10 
0.01 
0.02 
1.31 
O.li 

99.99 
93.65 

5.60 



230 
0.03 

76.52 
O. 06 

22.02 
0. 12 
0.04 
1 . 17 
0.05 

99.99 
93.70 

9.50 



250 
0.04 
76.46 
0. 15 
21.35 
0.62 
0.09 
K 15 
0. 10 

99.98 
90.70 

S. 1 1 



280 
0.10 

76.24 
0.34 

20.48 
1 .28 
0. 18 
I .08. 
0.25 

99.93 
85.60 

5.01 
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EXAMPLE 11 



This example (Table 12) illustrates the regenerability of the catalyst. The catalyst after deactivation was 
regenerated and tested for its activity. 
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Ca td 1 vst reaenerabi 1 i tv 

B/P - 7.5,. 2iO°C, WHSV - 3.0, 25 A tin. 



Pr *4»***t & *Lt^ Cycle L After reoen: 



Alipnatics 0.04 
Bwnzene 79, 6 

Tol . ♦ £B 0.G7 



Cumene 



EXAMPLE 12 



19. 1 



C 9" c il 0.05 
£. DIPB Q,98 
HA 0.1? 



0.02 
79.5 

0.04 
19.3 
0.08 
0.04 
1 .05 
O. 15 



This example (Table 13) illustrates the simulteneous occurence of both alkylation and transalkylation 
reactions in a single catalyst bed containing Zeolite Beta with a feed containing benzene, propylene and 
di.sopropyl benzenes. The silica to alumina ratio in the Zeolite was 34. The catalyst contained 0.5% Na 
0.8% Ca and 0.1% K, wt. 
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B/P - 7.0. 240°C, 25 Atm. 
The feed 



contained 2 7. wt «x - • 



benzene. 



P^tl. £ wt. 




Al ipn* tic« 


0. 1 


Benzene 


BO. 05 


Tol . + £B 


0.07. 


Cumene 


18.55 




n-PB 


0.2 


c 9 -c M 


0.02 


X DIPB 


1 .02 


HA 


0.04 





This example (Table 14) shows the use of isopropano. as alkylating agent in place of propylene. 
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Table l a 

Comparison o± propylene with is pprooanol as a lkv latino agents 

B/P - 7.5, WHSV = 2.5, Atm. press. 

^ lkyl * tln q Propylene Proovlenp tsonronano. 
aoen c 1 1 * 



T»mp.°C 


160 


205 


205 


Non-aro<na tics 


0 . 23 


0, 17 


0. 12 


Benzene 


7Q. 17 


78.37 


78.46 


To I . ♦ Cq 


0.24 


0.30 


0.26 


Cumene 


19.89 


19.06 


19.58 


n-PB 


0.02 


0.07 


0.03 


C9-C U A 


0.06 


0.09 


0.11 


£ OIPB 


1 . 22 


I .01 


1 .27 


HA 


0.17 


0. 1 i 


0.15 



Claims 

1. An improved process for the preparation of cumene which comprises reacting benzene with a 
propylatmg agent in the presence of a catalyst containing metal loaded Zeolite Beta in a reactor at a 
temperature in the range of 150 to 250°Cand a pressure in the range of 1 to 35 atmospheres 
separating propyl and diisopropylbenzene from the reactor by conventional methods and recycling the 
dusopropylbenzene back to the said reactor. 

2. The process as claimed in claim 1 wherein the propylating agent is selected from propylene and propyl 
alcohol. 

3. The process as claimed in claim 1 wherein the molar ratio benzene and propylating agent in the 
mixture is between 1 and 20, preferably between 1 and 10. 

4. The process as claimed in claim 1 wherein the Zeolite Beta used has a silica to alumina mole ratio 
above 20. 

5- The process as claimed in claim i wherein the metal loaded Zeolite Beta is from one or more of the 
metal selected from the group sodium, calcium, potassium and barium. 

6- The process as claimed in claim 1 wherein the amount of metal loaded into the Zeolite Beta ranges 
from 0. 1 to 0.5% by weight. y 

7. The process as claimed in claim I wherein the metal loaded Zeolite Beta contains as binder clay silica 
alumina, metal oxides and the like. 

8. The process, as claimed in claim 7 wherein the amount of the binder ranges from 10-90% by weight. 
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The process as claimed in claim 1 wherein the reaction is effected at a weight hourly space velocitv 
(WHSV) of I to 4. y 
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